Uninfected JLS-V9 mouse cells are known to express high levels of viral sequences that hybridize to complementary DNA made by the BrdU-induced virus of JLS-V9 cells. The genome in the BrdU-induced virus has been found to consist mainly of an RNA species that migrates as 30S RNA material during electrophoresis through agarose gels. This virus-like 30S RNA, designated VL30 RNA, apparently represents a new class of endogenous defective retroviruses that are not generally evident because of their defectiveness and lack of biological function. Fingerprint analysis and hybridization studies show that VL30 RNA does not have homology with the standard nondefective murine leukemia viruses. Upon superinfection with a nondefective murine leukemia virus, or upon induction of endogenous virus with BrdU, VL30 RNA is rescued into virions by phenotypic mixing. When VL30 RNA is rescued by BrdU induction, the VL30 RNA is mainly organized as a 50S complex, but when VL30 is rescued by superinfection, VL30 is also found in 70S RNA. Rescued VL30 RNA sequences can be reverse transcribed by the virion-associated DNA polymerase in an endogenous reaction. Many mouse cells express the sequences, whereas heterologous cells such as rat or rabbit cells do not contain them. By using hybridization of a complementary DNA probe to cellular RNA immobilized on paper, no subgenomic RNA related to the VL30 RNA could be found in cells expressing the VL30 sequences. From 20 to 50 copies of these sequences were found to be contained in the mouse genome. VL30 RNA is probably present in most stocks of leukemia and sarcoma viruses made in mouse cells.
Uninfected JLS-V9 mouse cells are known to express high levels of viral sequences that hybridize to complementary DNA made by the BrdU-induced virus of JLS-V9 cells. The genome in the BrdU-induced virus has been found to consist mainly of an RNA species that migrates as 30S RNA material during electrophoresis through agarose gels. This virus-like 30S RNA, designated VL30 RNA, apparently represents a new class of endogenous defective retroviruses that are not generally evident because of their defectiveness and lack of biological function. Fingerprint analysis and hybridization studies show that VL30 RNA does not have homology with the standard nondefective murine leukemia viruses. Upon superinfection with a nondefective murine leukemia virus, or upon induction of endogenous virus with BrdU, VL30 RNA is rescued into virions by phenotypic mixing. When VL30 RNA is rescued by BrdU induction, the VL30 RNA is mainly organized as a 50S complex, but when VL30 is rescued by superinfection, VL30 is also found in 70S RNA. Rescued VL30 RNA sequences can be reverse transcribed by the virion-associated DNA polymerase in an endogenous reaction. Many mouse cells express the sequences, whereas heterologous cells such as rat or rabbit cells do not contain them. By using hybridization of a complementary DNA probe to cellular RNA immobilized on paper, no subgenomic RNA related to the VL30 RNA could be found in cells expressing the VL30 sequences. From 20 to 50 copies of these sequences were found to be contained in the mouse genome. VL30 RNA is probably present in most stocks of leukemia and sarcoma viruses made in mouse cells.
We have previously shown that the BALB/cderived cell line JLS-V9 is readily inducible to produce endogenous xenotropic murine leukemia virus (MuLVx) and an ecotropic, N-tropic, non-XC plaque-forming MuLV (N-MuLVE) (7) . Furthermore, it was recognized that the uninduced JLS-V9 cells express high levels of virusspecific sequences in the absence of virus production (7, 14, 17) . Here we report biochemical characterization of the particles released from JLS-V9 cells after induction with halogenated pyrimidines. The induced virus is shown to contain a 29-30S RNA that is not related to known MuLV's by sequence homology. This type of virus-like RNA (VL30 RNA) is found to be widely distributed in mouse cells but is not found in heterologous cells; it apparently represents the RNA of a new class of endogenous defective murine retroviruses. Both Howk et al. (22) and Sherwin et al. (31) have reported similar RNA's in other mouse cells. (25) were grown in Dulbecco-modified Eagle medium plus 10% calf serum. SC-1 cells, derived from a wild mouse (16) , BALB/c-derived JLS-V9 cells (35) , NRK (rat) cells (11) , the rabbit cell line SIRC (4) , and the mink lung cell line CCL 64 (19) were all grown in Dulbeccomodified Eagle medium plus 10% heat-inactivated fetal calf serum. The following virus-producing cell lines used in this study were derived in this laboratory: NRK cells producing M-MuLV (E. Rothenberg, unpublished data); NIH cells producing M-MuLV (17); NIH cells producing the endogenous N-tropic MuLV (N-MuLVE) isolated from virus of BrdU-induced JLS-V9 cells (15) ; mink cells producing an endogenous xenotropic MuLV (MuLVx) isolated by end point dilution of BrdU-induced virus from JLS-V9 cells (5) . JLS-V9 cells producing M-MuLV (JLS-V11 cells) (35) were provided by Electronucleonics Inc., Bethesda, Md.; a virus-producing subclone of this culture was used in this study (6) .
MATERIALS AND METHODS Cells and viruses. NIH/3T3 cells
Preparation of 32P-labeled viral RNA. Cells were rinsed with phosphate-free medium. They were then labeled with phosphate-free medium supplemented with carrier-free ['2P]phosphate (0.5 mCi/ml) for Preparation of cytoplasmic RNA's. Cytoplasmic RNA's were prepared as described previously (5) . Briefly, cell cultures were trypsinized and washed three times with ice-cold phosphate-buffered saline.
Cells were lysed with 5 mM NaCl-0.5 mM MgC92-0.5% Nonidet P-40-5 mM Tris (pH 7.4) and homogenized with a Dounce homogenizer. Nuclei were removed by centrifugation for 2 5 pA of a dye mixture containing xylene cyanol FF and bromophenol blue (each at 2 mg/ml), 50% (wt/wt) sucrose and 6 M urea were added. The digested RNA was then analyzed by two-dimensional gel electrophoresis as described previously (9, 10) . The first dimension was run in 10% acrylamide at pH 3.5 in the presence of 6 M urea, and the second dimension in 21.8% acrylamide at pH 8. Transfer of RNA from agarose gels to diazobenzyloxymethyl paper. The preparation of diazobenzyloxymethyl paper, the transfer of the RNA from methylmercuric hydroxide agarose gels to this paper, and the hybridization of [32P]cDNA probes with the RNA bound to the paper were carried out as previously described (6) by the method of Alwine et al. (2) .
RESULTS
By biological assay, the virions released after BrdU treatment of JLS-V9 cells contain both xenotropic and N-tropic MuLV's (7). After passing these induced viruses to susceptible cells, their genomes were found to be the usual 70S RNA of retroviruses (data not shown). When BrdU-treated JLS-V9 cells were directly labeled with 32pO4, however, the majority of the RNA in released particles (BU-V9 virus) did not sediment at 70S, but rather sedimented as a broad band centered at about 50S (Fig. 1) .
After heat denaturation, the subunit sizes of the genome RNA's of the MuLVx and the NMuLVE derived from the BU-V9 virus were 38S (data not shown). To investigate the subunit size of the RNA directly isolated from BU-V9 virus, the RNA was heat denatured and subjected to electrophoresis through a 1% agarose gel ( Mouse cells express sequences related to the VL30 RNA. We have previously made radioactive cDNA from the BU-V9 virus by using the virion-associated reverse transcriptase activity (6) . To investigate what size RNA in the preparation was template for this cDNA, individual slices of an agarose gel were hybridized with BU-V9 cDNA (Fig. 3) . The cDNA hybridized mainly to 30S RNA with little hybridization to the 38S RNA. This cDNA can therefore be used to study the expression of VL30 RNA in various cells.
As shown previously, uninduced JLS-V9 cells express high levels of RNA complementary to BU-V9 cDNA (6, 15) . Annealing experiments of BU-V9 cDNA to cytoplasmic RNA's from other mouse cells revealed that VL30 RNA sequences are not only expressed in JLS-V9 cells but also Hybridization of BU-V9 viral RNA uwith BU-V9 cDNA. About 0.1 ,g of BU-V9 viral RNA was heat denatured and subjected to electrophoresis in a 1% agarose tube gel as described in the legend to Fig.  2 . 32P-labeled poliovirus RNA was included as internal size marker. The location of the B U-V9 uiral RNA was determined by ethidium bromide staining. The gel was cut into 1-mm slices. The position of the 32P-poliovirus marker was determined by counting Cerenkov radiation. The position of denatured MMuLV RNA relative to the poliovirus RNA was determined in a separate parallel tube gel. The gel slices were hybridized with BU-V9 cDNA as described in the text, and the relative virus-specific RNA concentration was determined as described by Fan and Baltimore (14 (Fig. 4) . The native RNA had a major 70S peak and a shoulder at about 50S (Fig. 4A ). When this was pooled and heat denatured, a major 30S RNA was found with about 30% migrating at 38S (Fig. 4B) .
To compare the. VL30 RNA contained in BU-V9 virus with the RNA's in particles produced by M-MuLV-infected JLS-V9 cells, RNA fingerprints of RNase Ti-resistant oligonucleotides were compared. The 50S RNA of the BU-V9 virus and the 50S RNA from particles made by M-MuLV-infected JLS-V9 cells were digested with RNase Ti and then analyzed by two-dimensional gel electrophoresis as described by Fiers and De Wachter (10) and Coffin and Billeter (9) (Fig. 5) . The BU-V9 virus gave rise to a very distinct pattern of large RNase Ti-resistant oligonucleotides (Fig. 5A) , different from those of M-MuLV 38S RNA (Fig. 5C ). The intensity of some of the spots of apparently equal length in the BU-V9 fingerprint varied, indicat- ing possible heterogeneity. All of the characteristic large oligonucleotides of the fingerprint of the 50S RNA from the M-MuLV produced by the JLS-V9 cells were contained in the fingerprint of the BU-V9 virus (Fig. 5B) .
RNA's from N-tropic MuLV and M-MuLV produced by NIH cells were also analyzed by gel electrophoresis (Fig. 6) . As ponent to BU-V9 cDNA (Fig. 7) . These experiments provide evidence that VL30 RNA sequences are often rescued by phenotypic mixing with helper MuLV's when a producer mouse cell line is made by infection with an exogenous (34) . Therefore, the plateau levels of hybridization between a given cDNA and cytoplasmic RNA preparations could be used to estimate the approximate cross homology between the virus specifying the cDNA and the cellular RNA's. Previously we had shown that uninduced JLS-V9 RNA could not protect cDNA from the N-tropic MuLV BALB/c mice (17) . In the present study, uninduced JLS-V9 cell RNA protected only 8% of the xenotropic MuLV cDNA, 5% of M-MuLV cDNA, and 10% of the ecotropic AKR MuLV cDNA (Table 2 ). In agreement with the results of others, the cross-homologies between the MMuLV ecotropic and xenotropic endogenous viruses of BALB/c mice were 50 to 75% (8) . These results indicate that VL30 is at most weakly related to the nondefective MuLV's tested and suggests that VL30 represents sequences from an agent totally unrelated to the standard murine type C viruses.
The cDNA made by BU-V9 virus was pro tected to 70% by uninduced JLS-V9 RNA, to 25% by RNA from mink cells producing MuLVx and to 100% by RNA from BrdU-induced JLS-V9 cells (Table 2) . Apparently, about 25% of the cDNA made from BU-V9 virus is complementary to MuLVx, and the remainder is complementary to VL30 RNA. As indicated by the data of Table 1 MuLV and VL30 RNA and by the lack of hybridization of RNA in JLS-V9 cells with cDNA made from virions from M-MuLV, the N-tropic MuLV and the xenotropic MuLV from BALB/c mice. T'he cDNA used in the study of these sequences by Howk et al. (22) was derived from MuLlV.arown on NIH mouse cells and the one used by Sherwin et al. (31) from virus grown on SC-1 wild mouse cells. Our VL30 cDNA hybridizes also with RNA from NIH and from SC-1 cells, and we therefore believe that the sequences described here are closely related to those reported by others. In fact, Sherwin et al. (31) used cDNA made in our laboratory from BU-V9 virus to demonstrate the close relationship of the sequences found in the different mouse strains. We assume that most mouse strains carry the genes for making VL30 and that many mouse cell lines express VL30 sequences.
DISCUSSION
In our previous studies characterizing endogenous viral sequences in JLS-V9 cells, we reported that these cells express high levels of viral sequences. These sequences were detected with cDNA probes made by M-MuLV produced either by JLS-V11 cells or by BU-V9 virus (7, 15, 17) . In interpreting the earlier work, we were not aware that VL30 RNA existed and assumed that the sequences were derived from endogenous C-type viruses related to the standard MuLV's. We showed that the sequences did not derive from N-tropic MuLV (15) but seemed to derive from MuLVx, because the main biologically active entity in BU-V9 virion preparations is MuLVx (7); we now know that they are unrelated to MuLVx also (Table 2 ) and therefore they represent a new class of murine retroviruses. Furthermore, we can say that JLS-V9 cells express very little N-tropic MuLV or MuLVx-related sequences as RNA but that both are induced after BrdU treatment (7, 16) . We had previously reported that JLS-V9 cells make RNA's sedimenting at both 38S and 27S; we interpreted these as probably containing different sequences. The 38S RNA, however, is not evident after total denaturation (Fig. 8) , and we now believe it to be an aggregation artifact. The RNA previously called 27S is presumably VL30 RNA. From that previous work we know it to contain poly(A) (15) . Because no smaller discrete RNA is present in JLS-V9 cells, the presence of VL30 RNA in polyribosomes (16) suggests that it is the only mRNA for translation of the proteins encoded by the VL30 provirus. Such proteins are being sought.
We call the VL30 sequences "virus-like" because they can aggregate to a faster sedimenting form (50S) like the 70S RNA of the standard MuLV's. Similarly, as described for the murine sarcoma virus 30S RNA by Maisel et al. (24) , VL30 sequences are also found to sediment as 70S material if the virions contain a significant amount of standard MuLV RNA. The VL30 sequences can be reverse transcribed in an endogenous reaction and they are readily packaged by type-C viruses. VL30 RNA may or may not represent defective viral genomes; this is uncertain because we have no evidence of a nondefective virus related to VL30 RNA. If it is a defective virus, it could be defective partly because no subgenomic RNA's can apparently be generated from the 30S RNA. Possibly the sequences essential for the splicing event that generates 21S RNA (13, 26) have been lost. We previously found that what now is recognized as VL30 RNA is present on polyribosomes in JLS-V9 cells (16) , but these cells are negative for all murine C-type viral proteins assayed (6) . Thus, we do not know whether these sequences contain information for the synthesis of viral proteins. Whatever the VL30 sequences represent, the physical behavior of the VL30 RNA is so much like that of the genome of C-type viruses that it seems appropriate to call them virus-like.
No 
